
ke;CcL 1506j

INSTITUTE IEPCRT NO. 202

HISTOLOGIC CHANGES CAUSED By APPLICATION OF LEWISITE ANALOGS
TO MOUSE SKIN AND HUMAN SKIN XENOGRAFTS

In EVELYN L. McGOWN, PhD
THEODORE ,wn RA VENSWAA Y, MD, L TC MC USAR

0n CECILIO R. DAMLAO, OS
IL RICHARD J. O'CONNOR, MS

•" and

KENNETH E. BLACK, MD, COL MC

IDTIC
ELECTE

DIVISION OF RESEARCH SUPPORT SEP 2 4

DIVIS:ON OF CUTANEOUS HAZARDS B
Q..

9 JUNE 195 
MsuibuOUnl

LETTERMAN ARMY INSTITUTE OF RESEARCH
PRESIDIO OF SAN FRANCISO* CALIFORNIA 94129

as 9 R 1R1



Histologic changes caused by the application of lewisite analogs to

mouse skin and human skin xenografta--Mc~own et al

Reproduction of this document in whole or in part is prohibited except with the permission of the
Commander, Letterman Army Institute of Research, Presidio of San Francisco, California 94129.
However, the Defense Technical Information Center is authorized to reproduce the document for

*.; United States Governv.nmc purposes.

Destroy this report when it is no longer needed. Do not return it to the originator.

Citation of trade names in this report does not constitute an official endorsement or approval of the
use of suc items.

This materal has been reviewed by Letterman Army Institute
of Research and there is no objection to its presentation and/

or publication. The opinions or assertions contained herein
are the private views of the author(s) and are not to be con-
trued as official or as reflecting the views of the Department
of the Army or the Department of Deense. (AR 360-5)

This docu ha been approved for public release and salesai distribution is unlimited.



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Eafntoro

REPORT DOCUMENTATION PAGE BEFORE COSIPL.~ET044GFR
1. REPORT NUMBER 2.GOVT ACCESSION NO. 3. ItECIPIENT'S CATALOG NUMBER

4. TITLE (Sid &"i)S. TYIPf OF REPORT A PERIOD COVERED

7. AUTtIORC.) EeyL.MowPDS. CONTRACT -OR GRANT NUMUEROe)

Theodore vnRavensvaay, ID,LTC,MCUSAR
Cecilio R. hualac, BS, S13 , Richard J.0'Connor, M9

lenethE. lakH CL MC
9. PERFORMING ORGANIZATION NAME AAjO ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

Division of Research Support AREA 4 WORK UNIT NUMBERS

Letterman Army Institute of Research Proj I3m162734A875
Presi~dio of San Francisco, CA 9'4129-6800 Task IBD, Work unit 1306

11. CONTROLLING OFFICE NMEu AND ADDRESS Ia. REPORT DATS

*U.S Army Medical Research & Development Command 1985
Fort Detrick 12. MUkSER OF PAGES

Frederick MD 21701-5010 35
T.MONITORING AGENCY NAME & AOORUSSti aebemirot how Caeife 0*Me@) iS. SECURITY CILASS. (.1 owe. '9*ett

UNCLASSIFIED

lI" OkSIIC AT1ON/ OOWNRAOUNG

* IS. DISTRIBUTION STATEMENT (*I thl Ripqet)

THIS DOCUMENT IS APPROVED FOR PUBLIC RELEASE AND SALE: ITS DISTRIBUTION

IS UNLIMITED.

17. COSTR48UTION STATEMENT (oift.edb... mrmod onf..da ze.k2 *110wotifts ikipeeu)

IS. SUPPLEMENTARY MOTES

*III. KEY WORDS (C~fitbUSe ON ftfam a4ftI ~nossp M U4 57adl Abylcknmbr

Nude mouse; Human Skin Xenografts; Arsenic~al;, Vesicant; Morphology;
Lewia its analogs

31S AM" CT (Clwda w-rs Wibt 0 inomemp ad kb p Aby blc mme

* Phenyldich loroa'rsins (PDA), a veeicating analog of levisite, was
h applied in an ethanol carrier to human akin xenografts on nude mice and

directly to the ungrafted nude mouse skin. Controls areas received
ethanol. ¶te..il.. 'ledfrom 30 min to 48 hr ýfter
application of 1.26 umolsa FDA onto-af-rvlightt6,p4
sections were examied by light and eeto irsoy4ne ih

I P 1U3 tornsm OP f ? me 011 OOLaTe UNCLASSIFIED
49CURITY CLASSIICATION OF THIS PAGE (Nh..1 DO&a Eatat1d



UNCLAS8inED
S6CURmTV CLASSISCATION OP THIS PA•r(em Daf EMo*

skin grafts: 1) epidermal cellular nuclear degeneration (apparent by 4
F hr with increasing severity througA 48 b'r);-2) loss of epidermal

cytoplasmic basophilia (apparent by"4 hr, maxima within 12 hr), 3)
epidermal cytoplasmic vacuolisation (vacuoles appeared within 4 hr and
increased in size through 24 hr); 4) cleft formation within the
basement membrane zone (apparent by 12 hr, increasing in severity
through 24 hr); 5) inflammation (polymorphonuclear leukocyte (PuN)

S.infiltration], apparent by 4 hr and increasing through 48 hr./ The P1ls
formed a vall around the lesion, but did not infiltrate treated
area. In nude mouse skin, the changes were s8lal occurred more
quickly, except for cytoplasmic vacuoles were only occasionally
observed. Nude nouse hair folliel sebaceous glands showed

similar cellular changes at A imately the same time ab did
epidermal cells. anion electron microscopy of mouse skin
exposed to P to 6 hr revealed a widening of intercellular spaces
with att ation of desmosomes. The aubepiderial clefts resulted from
separ on within the lamina lucida with the lamina densa forming the
ba• of the cleft.

The following additional lewisite analogs were applied in ethanol
carriers to nude mouse skin: phenylarsine oxide, phenydiiodoarsine,
(trans) chlorovinylaraine oxide and (trans) chlorovinyldiiodide. The
lesions caused by these analogs were reproducible and histologically
indistinguishable from that cause by exposure to PDA- The identities
of the molecular lesions and the locations of the arsenical-snsn itive
sites are unknown../l
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ABST•ACT

Phenyldichloroarsine (PDA), a vesicating analog of lewisite, was
applied in an ethanol carrier to human skin xenografts on nude nice
and directly to the ungrafted nude souse skin. Control areas received
ethanol. The animals were killed from 30 min to 48 hr ifter
application of 1.26 umoles PDA onto an area of 0.126 cm . Skin
sections were examined by light and electron microscopy. Under light
microscopy, we observed the following changes In PDA-treated human
skin grafts: I) epidermal cellular nuclear degeneration (apparent by
4 hr with increasing severity through 48 hr); 2) loss of epidermal
cytoplasmic basophilia (apparent by 4 hr, maximum within 12 hr); 3)
epidermal cytoplasmic vacuolization (vacuoles appeared within 4 hr and
increased in size through 24 hr); 4) cleft formation within the
basement membrane zone (apparent by 12 hr, increasing in severity
through 24 or); 5) inflmation [polymorphoauclear leukocyte (PHN)
infiltration), apparent by 4 hr and increasing through 48 hr. The
PHNs formed a wall around the lesion, but did not infiltrate the
treated area. In nude souse skin, the changes were similar and
occurred more quickly, except for cytoplasmic vacuoles which were only
occasionally observed. Nude souse hair follicles and sebaceouis glands
showed similar cellular changes at approximately the same time as did
epidermal cells. Transmission electron microscopy of muse skin
exposed to PDA up to 6 hr revealed a widening of intercellular spaces
with attenuation of desmosoaes. The subepidermal clefts resulted from
separation within the lamina lucida with the lamina densa forming the
base of the cleft.

The following additional lewisite analogs were applied in ethanol
carriers to nude souse skin: phenylarsine oxide, phenydiiodoarsine,
(trans)chlorovinylarsine oxide and (trans)chlorovinyldiiodoarsine.
The lesions caused by these analogs were reproducible and
histologically indistinguishable from that caused by exposure to FDA.
The identities of the molecular lesions and the locations of the
arsenical-sensitiva sites are unknown.
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McGovn--I

Histologic Changes Caused by Application of Lewisite Amalogs to House
Skin and Human Skin Xenografts--McGovn et at

The skin vesicating action of organic arsenicals is well known
(1,2), and yet their mechanism of action is poorly understood. Thiols
are the biochemical entities most sensitive to arsenicals (3).
Because of the ubiquity of biological sulfhydryLa, many enzymes and
other proteins could be involved in arsenical tnxicity. Ketoacid
oxidases comprise the most sensitive class of enzymes reported to
date, due to their dithiol-containinS lipoic acid cofactor. The rise
in blood ketoacids and depressed glucose utilization during acute
arsenical poisoning suggests that ketoacid oxidases are involved in
systemic arsenical toxicity (3). However, there is no direct evidence
that inhibition of these enzymes is involved in skin vesication and
injury.

The design of antidotes to vesicant arsenicals requirea a
knowledge of their molecular mechanisms and sites of actions. Because
there is no ethically acceptable means of studying the effects of
these toxic substances on the skin of human volunteers, an appropriate
in vitro system or animal mode& is needed. (Oe such model is ti-e
human skin grafted athymic nude mouse (4,5). This animal model was
recently established at LAIR. PhenyLdichLoroarsine (PDA) is an analog
of lewisite with similar vesicant potency (1,2). The study deccribed
in this report was intended to determine the morphological changes in
nude mouse skin and human skin xenografts on Lhe nude mouse.foltoving
application of PDA.

HETHUDS

Phenyldichloroarsine (PDA) was purchased from Research
Organic/Inorganic Chemical Corp., Sun Valley, CA. It was purified by
repeated distillation at 128 0 C under 15 me Hg of nitrogen and the
purity (> 99Z) was verified by infrared spectrophotoaetry.
Phenyldiiodoereine was prepaved from FDA by direct halogen exchange.
This involved reaction of PDA with a ten-fold excess of potassium
iodide, followed by solvent extraction, filtration and vacuum removal
of the solvent. (Trans)chlorovinyIdiiodoarsine and
(trans)chlorovinylorsine oxide were obtained through the courtesy of

----------- -. I I I I I ,



McGown--2

S. Hallowell; Chemical Research and Development Center; Aberdeen
Proving Ground, MD. (We refer to these compounds as lewisite iodide
and lewisite oxide.) Phenylarsine oxide was purchased from ICN-K&K
Laboratories, Inc.; Plainview, NY. Immediately before use, PDA and
lewisite iodide were dissolved in anhydrous ethanol to a concentration
of 1.25 M. Preparation of 1.25 N solutions of phenylarsine oxide and
lewisite ox3.de was accomplished by addition of 2.5 H HCI.
Phenyldiiodoarsine was prepared to 0.25 M because of its lover
solubility in ethanol.

Six-week-old athymic nude mice were purchased from Harlsn
Industries, Indianapolis, IN. Skin specimens (post-rhytidectomy) were
obtained from volunteers as a by-product of surgery at the Letterman
Army Medical Center ',LAMC) under the approved LAHC Protocol Addendum
CH-81-Ol, "Human Skin for Purposes of Research Concerning Penetration
of Chemicals and for Studies of Function." Skin grafting was done
;;ccording to the standard operating procedure described in LAIR UP-
1)11-17. Whenever an experiment used grafts wnich had been obtained
from inore than one donor, the animals corresponding to each donor were
distrLbuted among the treatments groups such that all groups contained
grafts from all donors, if possible. The mice were anesthetized with
an intrapeciitoneal injection of chloral hydrate (0.56 mg/S of body wt)
and treated in a fume hood.

PDA was applied topically to 38 graited and 44 ungrafted mice.
Gne microliter ?f L.25 M PDA in ethar~ol was placed with a micropipet
onto a 0.125 cm circular area of nude mouse skin or human skin graft
and one microliter of ethanol was placed onto a separate area as a
control. After 0.5 to 48 hr, they were killed by cervical spine
dislocation. The treated areas of skin were excised, fixed in 102
neutral buffered formalin, embedded in paraffin for sectioning and.
stained with hematoxylin and eosin. Samples intended for electron
microscopy were fixed in Karnovsky's fixative and embedded in EPON
resin. To minimize subjective bias during review, all light
microscopy slides were coded and randomized. To evaluate the
development of the lesion as a function of time, we devised a semi-
quantitative system to score the extent of damage (localized to
widespread ) or degree of damage (none to marked) in the most severely
:;ti,:t,,l arrsa of the lesion. Nuclear degeneration was scored 0 to 4
as ,olIows.z ' (no change), I (detectable pyknosis), 2 (moderate
pyknosis), 3 (loss ot basophilia •iih nuclear outline remaining), and
4 (complete loss of nuclei). To evaluate changes in cytoplasmic
staining, the sections were examined under low power (4X)
Magnitication. The extent ot loss of cytoplasmic basophiLia in 3
contiguous Low power fields (LPF) was scored as follows: 0 (No Loss),
I ( 0.75 LPF), 2 (0.75 - 1.5 LPF), 3 (1.5 - 2.25 LPF), 4 (> 2.25
LPF). Epidermal cytoplasmic vacuole formation was scored 0 to 3 on
the hasis of size of vacuoles and extent of occurrence as follows: 0

-- - - - - - - - - - - - - - ------- --- . . -,. . . e-- - - - -•, ., •.. . . t .~



)Ic~ovn--3

tno vacuoles seen), 1 (small vacuoles occupying less than one-half
apparent cytoplasmic volume, and 3 (vacuoles lArge enough to compress
or displace nucleus). Subepidermal cleft formation was scored on the
hasis of extent of occurrence across the diameter of a low power (WX)
field. 0 (none), 1 (< 25%), 2 (25% - 50%), 3 (50% - 75Z), and 4 (75%-
100%). Inflammation u.s scored from 0 to 4 as follows: 0 (none), I
(apparent increase irt PHN's in vessels and migration of thesa cells
into the adjaceet tissue in the vicinity of the vessels, 2 (more
diffuse, but ztill relatively sparse inflaummation), 3 (intermediate
between 2 and 4) and 4 (maximum density of FPN's. The wailing-off
pattern say or may mot be present.)

In a subsequent experiment, we studied the histologic changes
resulting from application of four additional lewisite analogs to nude
mouse skin. PDA, phenylarsine oxide, phenyldiiodoarsine, lewisite
oxide and lewisite iodide dere applied to the skin of nude mice (four
anisals per group). All arsenicals were applied in single one
mi~rLiter doses as described above for PDA, except
phenyldiiodoarsine. because of its lower solubility in ethanol, five
applications onto the sme circular area were necessary to accomplish
a total arsenical dose equivalent to the others. The animals were
killed after 24 hours and the skin samples prepared as described
above.

IESULTS

Kacrossopic chanesa.

Application of PDA to human skin grafts caused marked edema within
6 hr and, after 12 hr, the edematous areas (approximately 0.7 cm in
diameter) were greyish. PDA treatment of nude mouse skin caused
macular erythema and slight edema within 30 min. By 3 hr the eryLhema
disappeared but the edema was more severe. A grey-white zone appeared
around the lesion within 5 hr. By 16 hr, the edema had subsided, but
the Arey-white zone remained.

Histologic observations: Untreated nude mouse skin and human skin
grafts.

The normal untreated nude mouse epidermis (Figure 1) consisted of
three or four cell layers with a thin stratum corneum. Hair follicles
and sebaceous glands were present. The hair developed in apparently
normal follicular structures but the hair shaft fractured near the
epidermis in what appeared to be a contorted infundibuLum. The dermis
wab not differentiated into papillary and reticular, as occurs in
human skin. The normal mouse dernis was devoid of inflammetory cells.
Mast cells were readily found. The panniculus carnosus (Figure 2), a
thin layer of striated muscle, was separated from the dermis by a thin

. . , , .~ ' , * i i i i I * I~ # I*. I I



McGown--4

layer of adipose tissue. In the usual specimen, fat was present
inferlor to the panniculus.

The grafted human skin departed considerably fron normal (Figures
2 and 3). The epidermis exhibited the usual stratification, but rete
ridges were blunted or absent. Focal ulcerations of unknown cause
were occasionally seen at the graft margin. Thie ulcerations were
.histologically distinct from the lesion caused by PDA. Appendages
were sparse and limited to an occasional vellus follicle and sebacecus
gland. Eccsrine glands were occasionally seen. The dermis had lost
its usual pattern and consisted of an undifferentiated fibroblast~c
proliferation with an increase in connective tissue fibers. Foreigu
body granulomas were common, probably resultiug from introduction of
foreign particles during handling and surgery. There were occasional
lymphioid cells.

Histologjc changes following application of FDA.

Several consistent changes followed the application of PDA to nude
mouse skin and human skin grafts. These are listed below in the
approximate temporal order of their appearance. The changes were
similar in mouse and human skin grafts except for timing of appearence
and vacuole formation, the latter appearing only infrequently in the
mouse skin.

Epithelial cell nuclear changes (Figures 4 and 5) were
characterized by early pyknosis (shrinkage of the nucleus)
followed by lose of stainability as the cells bocuac necrotic.
The nuclear and cytoplasmic changes appeared almost
simultaneously.

Cytoplasmic changes, indicated by loss of the normal amphophilic

staining quality, resulted in increased aosinophilia.
Cytoplasmic vacuolization occurred in the epidermal cells.
Vacuoles were larger and more numerous in the grafts.
Vacuolization was not coextensive with other epiderual
cytopiassic and nuclear changes. Instead, the vacucles appeared
near the periphery of the affected area.

• Clefts (Figures 4 to 6) appeared frequently within the basement
membrane zone. Fluid build-up was not apparent.

Hair follicles and sebaceous glands showed at approximately the
"same time similar cellular changes as the epidermal cells. As
in the epidermis, the affected cells wera the more metabolically
active cells.
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* DOerml lflamutLom, consisting exclusively of PINO, appeared
after a distinct delay of 4 to 6 hr. Later, the FHHs formed a
peculiar "wall" around the reaction zone but did not infiltrate
the area. LMe "wall" was characterized by a dense band of PMNs
(Figures 7 and 8) *etending from the borders of the affected
epidermis, through the dermis, to the underlying fat. IL
enclosed the altered dermis and fat in a manner similar to that
seen in ischemic infarets, a*though in the case of the PDA
lesions, the enclosed tissue did not appear necrotic.

"* Adipose tissue shoved areolar degeneration (Figure 9) and wdS
devoid of recognizable adipocytes.

"* Muscle fibers in the panniculus carnosus (Figure 9) were
shrunken, eosinophilic and, in some areas, decreased in number.

Figure 10 summarizes the earliest time that each structural
alteration was detected. Nuclear and cytoplasmic changes occurred
rapidly and at approximately the same time. Appeadageal changes did
not lag behind, thus indicating rapid penetration of the arsenical
into skin appendages. The changes occurred somewhat later in the
grafts than in the mouse akin. Inflammatory cell infiltration
occurred at about 4 hr and PMiH "walling off" first appeared at about
12 hr. Changes in the (mouse) adipose tissua were observed at about 6
hr. Although transient edema was detected grossly, it could not be
evaluated microscopically.

To investigate the degree of toxic response a& a function of time,
the mice were killed and the treated areas excised 6, !2, 24 or 48 hr
after application of PDA. Figures ii to 17 summarize the progress of
the histological alterations from 6 to 48 hr after PDA application.
Epidermal nuclei in grafts and mouse akin progressively degenerated
through 48 hr after PDA application (Figure 11). Changes in
cytoplasmic staining quality were maximal within 6 hr in PDA-treated
mousc skin and 12 to 24 hr in human graft (Figure 12). Epidermal
-ytoplasmic vacuole formation was characteristic of PDA-treated human
skin grafts, but was infrequent in mouse akin (Figure 1). Vacuoles
reached maximal size within 12 to 24 hr. Subepidermal cleft formation
occurred as a result of PDA treatment and vas maximal within 12 hr in
mouse skin and 24 hr in human skin grafts (Figure 14). Nuclear
degeneration in mouse hair follicles and sebaceous glands increased in
severity through 48 hr (Figures 15 and 16). Human skin grafts did not
contain enough appendages to evaluate quantitatively. PKN density
increased through 48 hr in both nude mouse and human skin grafts
(Vigure 17). The P.49's did not infiltrate the lesion, but instead
accumulated at the periphery of the treatment zone.- -- ....-

Axi
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Subsequent experiments were designed to evaluate the progress of
alterations after shorter exposures to FDA. Exposures of 2 and 4 hr
produced obvious histologic changes, but sections obtained after only
I hr frequently could not be distinguished from controls.

Histologic changes follovinS application of other levisite analogs.

After docfmenting the PDA-caused histologic changes in nude mouse
skin, we next sought to learn whether or not the lesions of other
lewisite analogs were similar. The following trivalent organic
arsenicals were applied in ethanol carriers to nude souse skin:
"phenylarsin-, oxide, phenyldilodoarsine, levisite oxide, lewisite
iodide and PDA. At 24 hr (the only time point examined), the lemions
were histologically indistinguishable from each other.

,Trangmssion Electron MicroscoptS changes.

Transmission electron microscopy was used to investigate
ultrastructural changes In nude mouse skin after PDA exposures of 1,
2, 4, and 6 hr. PDA caused a widening of intercellular spaces (Figure
18), although the desmocomes remained attached. Nuclear degeneration
was apparent (Figure 19). Areas containing clefts clearly stowed
separation in the lamina lucida, with the lamina dense forming the
base of the cleft (Figures 19 and 20).

DISMCISSION

"Nuclear degener&tion and lose of cytoplasmic basophilia in
epidermal and appendageal cells were the earliest characteristic
structural alterations resulting from PDA exposure. Epidermal clefts
frequently occurred in both skin types, while cytoplasmic vacnoles
formed primarily in human skin xenografts. PKNs appeared after 4 to 6
hr. The lesions caused by phenylarsine oxide, phenyldiiodoarsine,
lewisite oxide and lewisite iodide were histologically
indistinguishable from that caused by exposure to FDA. This suggests
that all of the lewlaite analogs examined have similar potency and
biologic artion.

In general, our findings support and extend the work of Cameron,
Carleton and Short (6). They studied biopsies of human skin following
exposure to drops of pure lewisite. Presumably this represents a dose
3everal times higher than the PDA dose used in the present study.
They described blisters in the basement membrane, eosinophilic
staining of the epidermal cell cytoplasm, hydropic cytoplasm and
nuclear degeneration. Appendages were not described. They apparently
observed "walling off" of the PWlea: Lying Just below the floor of
the blister there is often a narrow band of scattered degenerate
polymorphs .... its restricted nature suggests that the first leucocyte
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response ceases, possibly as a result of circulatory stasis or because
of unfavorable conditions" (6). Their report did not include
photomic roaraphe.

In an earlier (1926) U. S. Army study, hiscologic changes were
studied in the skin of horses after application of drops of Levisite
(7), At 5 hr no degeaerative changes were apparent in the epidermis,
but some of the epithelial cells in the hair follicles contained
vecooles. (This is at variance from our results in which epidermal
changes occurred early.) Edema was a prominent finding with some
migration of FMN1 out of blood vessels. By 24 hr, there was increasecv
affinity for oosin and shrinkage of nuclei. Vacuolar degeneration of
nuclei of individual calls occurred at the margin of the lesion.
Appendages showed the same changes as the epidermis. There was PtN

infiltration in all layeTs of dermis and subcutaneous tissue. At 48
"hr, the epidermal changes had progressed to necrosis. Dermal
fibroblast nuclei were pyknotic and, in the dermis; "Leucocytic
infiltration is present only at the margin; over the summit of the
lesion, the corium is practically free of wandering cells. The deeper
layers of the corium, on the other hand, ore diffusely invaded with
leucocytes. These do not show the caryorrhexis which is so striking
in the mustard-gas lesions" (7). AllowLng for variations in times of
appearance and absence of -esicles in the horse, lewisite produced
remarkably similar changes to those caused by PDA in the skin of the
human and nude mouse.

In this study the appearance of vacuoles, especially in the PDA-
"treated graft epidermis, is unexplained. Vacuoles were not
distributed throughout the lesion, but instead appeared only at the
periphery of the treated area. Possibly vacuole formation is
dependent on metabolic processes which remain in minimally-injured
cells, but have ceased in the central portion of the lesion. In 1941,
Montgomery and Waisman (8) described similar changes in arsenical
darmatoses but, in recent years, dermatopathologists have considered
vacuolization to be nonspecific.

PtNs appeared after 4 to 6 hr, but seemed to be unable to migrate
beyond a certain point, at least by 48 hr. Instead they formed a wall
around the lesion. Similar "walling off" is seen in such instances as
myocardial or renal infarct, where tissue is dead or dying and
circulation has ceased. However, the walled-off areas in the present
study did not appear infarcted, although nuclei of dermal fibroblasts
were pyknotic, A possible explanation for piling up of P141 is that
the residual arsenical concentration in the treatment site was high
enough to be cytotoxic or to inhibit their mobility. PDA is a potent
inhibitor of several phagocytosis-related cellular processes in PHNs
(McCown, unpublished observations).
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Clefts in the basement membrane are presumably the histologic
precursors to macroscopic blisters, although there were no obvious
blisters in these experiments. A possible reason for the lack of
blisters is that the follicular structures formed anchoring points an6
inhibited the formation of visible blisters. The basement membrane of
the follicles did not separate, despite the fact that the follicular
ceLls were damaged.

Nitrogen mustard exposure also causes basement membrane clefts in
human akin grafts on nude mice (van Ravenswaay and Black, unpublished
observations). Several bli.-ering human diseases are characterized by
cleft formation in the basement membrane. Because the blistering
process involves the basement membrane, we are including in this
discussion a review of present knowledge of its composition.

The basement membrane is a complex, but ordered, structure
consisting of components from both the epidermis and dermis. An

.-'. electron dense layer (Lamina densa) forms a continuous foundation that

is attached to the underlying dermis by anchoring fibrils extending in
an irregular fashion into the dermis. Sometimes the "sublamina dens&"
is distinguished as the regiin which contains the anchoring fibrils,
microfibrillar bundles and collagen fibers (9). The basal
kerastinocytes are separated from the Lamina densa by the Lamina
lucida, an electron lucent, layer without visible structure by
transmission electron microscopy. The Lamina Lucida appears
continuous with the intercellular spaces of epidermis, although the
gLycosaminoglycans of the epidermis and lamina lucida can be
distinguished. Basal cells are attached to one another by means of
desmosomes. In addition, hemidesmosomes in their membranes abut the
lamina Lucida, and from these extend delicate filaments which traverse
the lamina lucida. Kuch investigation is currently directed toward
identification of basal lamina components, primarily with
immunochemical techniques. The lamina lucida contains laminin and
huLlous pemphigoid antigen, both of which are synthesized by the
.opidormis (10, 11). Laminin, a heparan sulfate-rich proteoglycan
organized into disulfide-linked chains, appears to promote attachment
of epidermal cetts to type IV collagen (12). The bullous pemphigoid
antigen is a disease-specific, disulfide-containing glycoprotein
identified by antibodies circulating in patients' sera (13). The
sublamina densa region contains several antigens, including the
epidermolysia buLlosa acquisita antigen(s) (9).

Kulloum pemp1tigoid is an IgG-mediated autoimmune disease in which
an antibody develops against the pemphigoid antigen in the lamina
Lucida and, by unknown mechanisms, initiates bullse formation (14).
Epidermolysis bullosa lqtalis (Herlitz) is an hereditary disease in
which defective hemidesmosomes are possibly responsible for cleft
formation in the lamina lucida (15). Several other diseases in the

P-
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apidermolysis bullosa group produce blisters by detects in the basal
cells, or in the anchoring fibrils of the upper dermis.

In the present study, the clefts that formed after exposure to PDA
were remarkably similar to those in the published photoomicrographs of
bullous pemphigoid lesions (14). Perhaps an unidentified arsenical-
sensitive component in the lamina lucid& is responsible for the cleft
phenometon. Or possibly the arsenical damages the anchoring filaments
or inhibits some critical process in the basal cell, resulting in
defective production of lasinin or the bullous pemphigoid antigen.
HLigher resolution electron microscopy might shed light on these
questions.

CONCLUSIONS
S

"Vesicating aLalogs of lewisite caused reproducible histological
changes in both human skin xenogralts and nude mouse skin. We do not
know the identity of the molecular lesions or even the Locations of
the arsenical-sensitive sites. The nuclear and cytoplasmic changes
are rather nonspecific indicators of toxic damage and disruption of
"homeostasis. Because of the unusual nature of the epidermal clefts,
it is tempting to speculate that there is an arsenical-sensitive
component in the basement membrane.

RECOMSiENDATIONS

Studies should be continued to gain insight into the subcellular
(and ultimately molecular) targets of arsenicals in skin. Such
information is needed to assist in the design of improved antidotes.

q
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Figure 1. Photomicrograph of
-, normal nude mouse skin. Z

Epidermis; N4 - Hair follicle
showing contorted infundibulum

~~ (follicular opening); S
Sebaceous gland; D -Dermis; 7
Subcutaneous fat; X131.

Figure 2. Photomicrograph of normal human skin xenograft
on nude mouse skin. White bar marks junction of mouse
mkin (left) and human skin graft (right). P - Panniculus
carriosus; X33.
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Figure 4. Photomicrograph of PDA-
treated (24 hre) human skin
xenograft revealing cleft
formation in the basement membrane
zone. C1 Cleft. X131.

Figure 5. Photomicrograph of PDA-
treatei (24 hre) human skin
xenograft revealing a c7 5ft in the
basement zone and c~vtopi.asmic
vacuolas. V - Vacuole; # #9.
indicate border of affected zone
jind normal epidermis to right.
Note aharp demarcation of affected
and normal epidermis. Tiote also
pyknotic (shrunken) and darkened
nuclei in affected area. Ia
Inflammatory cells in dermis; Cl
Cleft. X3'30.
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Figure 6. Photomicrograph of PDA-treated (6 hr.) nude mouse
skin revealing clefts In the ba3ement membrane zone. C1
Cleft; H *Hair follicle; X131.

Figure 7. Photomicrograph of PDA-treated (24 hr.) human
skin xenograft illustrating the "walling off" of the
polymorphonualear leukocytes around the 'iffected skin to the
left. W a Wall; X33.
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"PKsure 8. Photomicrogruaph of PDA-treated (24 hrr,) nude
mouse skin illustrating the "wail" of polymorphonuclear
leukocytes following a convoluted course. W a Wall; X33.

Figure 9. Photomicrograph of
PDA-treated (24 hre) nude mouse
skin illustrating areolar
changes with inflammatori
reaction in the underlying
Muscle. D s Dermis; A
Areolar tissue; I
Inflamatory cells; M 0 Muscle
fiber in panniculus carnosua;
X1 31.
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Figure 12. Loss of basophilia after iDA application. The extent
of loss of cytopisamic basophilia in 3 contiguous low power fields
(Li?) (41 magnpification) was scored as fOllOwi 0 (]1o loss), ¶1(c
0.75j Li?), 2 (O.75j - 1.5 Li?), 3 (1.5 - 2.25 Li?), 4 (•>2.25 Li?).
solid circles represent mean of n - 4; vertical lines represent

range when scores wero not identical.
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Figure 13. Epidermal cytoplasmic vacuole formation resulting from
PDA application; scored 0 to 3 based on size of vacuoles: 0 (no
vacuoles), 1 (small vacuoles occupying lees than one-half apparent
cytoplasaic volume, 2 (vacuoles occupying more than one-half
apparent cytoplasmic volume and 3 (vacuoles large enough to
compress or displace nucleus. Solid circles represent mean of n -

4; vertical lines represent range when scores were not identical.
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Figure 14. Subepidermal cleft formation (separation of epidermis

from epidermis) due to PD& exposure. Scored on the basis of
extent of occurrence across the diameter of a low power (4W)
field. 0 (none), I 1< 25%), 2 (25% - 50%), 3 (50- 75%). and 4
(75I-100%). Solid circles represent noan of n = 4; vertical line.s
represent ranae when scores were not identical.
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Figure 15. Nuclear degeneration of nuclei in outer aheaih and
bulb of mouse hair follicles resulting from PDA expocure. Scored
0 to 4 as for epidermal nuclear changes in Fig-are 4 11 Solid
circles represent mean of n 4; vertical lines represent range
when scores were not identical.

LU

j I:
09 ,MOUSE SXIN
Os

I

r3 10 24 30 *3 4i 4@

HOURS

Figure 16. Degeneration of undifferentiated cells in mouse
sebaceous gland resulting frou PDA exposure. Changes Ncored 0 to

* 4 as for epidermal nuclear changes in Figure If* Solid circles
represent mean of n - 4; vertical lines represent range when

scores were not identical.
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Figure 17. Inflamation resulting from PDA exposure. Scored from
0 to 4t 0 (no inflamation), I (apparent increase in PN1's in
vessels and migration of these cells into adjacent tiasue in the
vicinity of the vessel ), 2 (more diffuse, but still relatively
sparse inflamation), ; (interuediate between 2 and 4) and 4
(naximtu density of PIM's). Solid circles represent mean of a
41 vertical lines represent 'Ag*e when scores yere not identioal.
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Figure 18. Transmission photoelectron micrograph of PDA-
treated (I hr) nude moua.e epidermis illustrating widening of
Intercellular spaces. N -Keratinocyte nucleus; Cy-
Keratinocyte cytoplasm; .-vO's Desmosomes between arrows;
X12,000.

4 ,, Figure 19. Transmission
S photoelectron micrograph of

PDA-treated nule mouse akin
illustrating two degenerate
nuclei (N) and a cleft (Cl)

' within the basal lamina. D
~i : Dermis; X5400.
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CII
Figure 20. Transmission electron photomicrograph of PDA-
treated (4 hrs) nude mouse skin illustrating clefts within
the basal lamina. Cl - Cleft; D = Dermis (collagen fibers in
cross and lcngitudinal section); K = Keratinocyte cytoplasm;
Cy a Cytoplasm of keratinocyte;.N • Nucleus of Keratinocyte.
Double arrows (J* ) indicate lazina densa with lamina lucida
Just above, single arrow ( A) indicates detached
heaideemosome. Top, X5400; Bottom, X18,000.
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